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ABSTRACT 

Noise t e s t s  o f  NASA Lewis  Research C e n t e r ' s  Powe d L i f t  F i 1 i t y  were 
pe r fo rmed  t o  de te rm ine  t h e  f requency  c o n t e n t  o f  t h e  i n t e r n a l l y  g e n e r a t e d  n o i s e  
t h a t  reaches  t h e  f a r  f i e l d .  The sources  of t h e  i n t e r n a l l y  g e n e r a t e d  n o i s e  a r e  
t h e  b u r n e r ,  e lbows,  v a l v e s ,  and flow t u r b u l e n c e .  Tes ts  o v e r  a range  o f  n o z z l e  
p r e s s u r e  r a t i o s  from 1.2 t o  3 . 5  u s i n g  coherence a n a l y s i s  r e v e a l e d  t h a t  low f r e -  
quency n o i s e  be low 1200 Hz i s  t r a n s m i t t e d  t h r o u g h  t h e  n o z z l e .  Broad banded 
peaks a t  240 and 640 Hz were found i n  t h e  t r a n s m i t t e d  n o i s e .  T h i s  (640 Hz 
peak)  e x p l a i n s  t h e  apparen t  low f requency  a i r c r a f t  c o r e  e n g i n e  n o i s e  peak 
f requency  o f  500 Hz obse rved  d u r i n g  c o r e  e n g i n e  n o i s e  s t u d i e s .  

c r e a t e s  a n o i s e  f l oo r  t h a t  l i m i t s  t h e  amount o f  j e t  n o i s e  s u p p r e s s i o n  t h a t  can 
be measured on  t h e  PLF and s i m i l a r  f a c i l i t i e s .  

e 
e a 
p' A e r o a c o u s t i c  
w e x c i t a t i o n  e f f e c t s  a r e  p o s s i b l e  i n  t h i s  f requency  r a n g e .  The i n t e r n a l  n o i s e  

INTRODUCTION 

A e r o a c o u s t i c  e x c i t a t i o n  has been shown t o  i n c r e a s e  j e t  m i x i n g  r a t e s  and 
t o  i n c r e a s e  l i f t  and decrease d r a g  of a i r f o i l s  a t  h i g h  a n g l e  o f  a t t a c k  
( r e f .  1 ) .  T h i s  i s  t h e  r e s u l t  of changes i n  t h e  c o h e r e n t  ( l a r g e  s c a l e )  s t r u c -  
t u r e ,  random t u r b u l e n c e  ( f i n e  s c a l e )  s t r u c t u r e  and g r o s s  m i x i n g  c h a r a c t e r i s -  
t i c s  i n  shear  l a y e r s  due t o  a c o u s t i c  e x c i t a t i o n .  The sou rce  o f  a c o u s t i c  waves 
used i n  these  j e t  exper imen ts  was p l a c e d  ups t ream of  t h e  j e t  n o z z l e  e x i t  t h u s  
t r a n s m i t t i n g  a c o u s t i c  waves t h r o u g h  t h e  n o z z l e  t o  t h e  j e t  shear  l a y e r .  I n  t h e  
NASA Lew is  Powered L i f t  F a c i l i t y  (PLF) t e s t s  a r e  pe r fo rmed  on n o z z l e s ,  e j e c t o r s  
and d e v i c e s  t h a t  a r e  expec ted  t o  t u r n  t h e  f low i n  a d e s i r e d  d i r e c t i o n  f o r  
t h r u s t  v e c t o r i n g .  F a i l u r e  t o  accoun t  for t h e  f low m o d i f i c a t i o n s  due t o  t h e  
a c o u s t i c  waves, may l e a d  t o  m i s i n t e r p r e t a t i o n  of  aerodynamic  r e s u l t s .  
sources  of a c o u s t i c  e x c i t a t i o n  i n  PLF a r e  t h e  b u r n e r ,  e lbows ,  v a l v e s  and 
t u r b u l e n c e  genera ted  by  t h e  f low t h r o u g h  t h e  p i p e .  

The 

A i r c r a f t  j e t  eng ines  have n o i s e  sources  t h a t  a r e  s i m i l a r  t o  t h o s e  i n  t h e  
PLF. N o i s e  p r e d i c t i o n s  ( r e f .  2 ) ,  for c o r e  e n g i n e  n o i s e  i n  t u r b i n e  t y p e  a i r -  
c r a f t  eng ines  i n d i c a t e  t h a t  maximum n o i s e  l e v e l s  o c c u r  a round  a f requency  
range of 400 t o  600 Hz. The reason  f o r  t h e  peak o c c u r r i n g  a t  a f requency  of 
a p p r o x i m a t e l y  500 Hz was t h e  s u b j e c t  of e x t e n s i v e  r e s e a r c h  d u r i n g  t h e  1970 's  

* S u b c o n t r a c t o r  t o  Sverd rup  Techno logy ,  I n c . ,  NASA Lew is  Research  C e n t e r  
Group, C l e v e l a n d ,  O h i o  44135 ( S u b c o n t r a c t  Nos. 2717-01-80 and 2717-85, 
R.M. Na l  lasamy,  C o n t r a c t  M o n i t o r ) .  
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and early 1980's. A major source of core engine noise was thought to be the 
combustor. Combustors generate noise by the turbulence generated by the flow 
passing through turbulence gerlerators and flow passages (cold flow), and by 
the interaction of the flame front with upstream generated turbulence in the 
combustor reference 3. Overall sound pressure levels in excess of 170 dB have 
been measured in core engine combustors. In addition, under certain condi- 
tions, reflections from the turbine and compressor inside the combustor can 
generate tones having high amplitude (ref. 4 )  that could be transmitted 
through the engine nozzle. These noise sources exist in the PLF burner and 
will need to be considered. 

Valve noise has been recognized as a major internal noise source. Over- 
all sound pressure levels in excess of 160 d B  have been recorded downstream of 
butterfly valves used to control flow in air flcw piping systems (ref. 5 ) .  

The problem created by unwanted noise in the PLF is illustrated by the 
results reported in reference 6. Interaction of screech tones in a jet-ejector 
configuration with the shear layer increased the pumping of the ejector and 
hence its thrust. If the tones are triggered by upstream generated noise, the 
results of similar tests in PLF may lead to errors in the desired measurements. 

To evaluate PLF acoustically and determine the extent of the PLF noise 
reaching the acoustic far field, noise measurements were made simultaneously 
with internal dynamic pressure transducers and far field microphones. Exten- 
sive use has been made of coherence analysis to determine the spectral charact- 
eristics of the sound transmitted through the nozzle. This is the sound that 
could affect the test configurations downstream of the nozzle and possibly 
modify test results. 

Another important result of these tests is the evaluation of the affect 
of internally generated noise on the measurements made on jet noise suppressors 
that may be tested on the PLF. Since the internal noise creates a noise floor 
that limits the suppression measured on the PLF it is important to at least 
qualitatively evaluate the internal noise floor. 

The results of  these tests may be used as a guide to aid future PLF users 
in qualitatively evaluating possible effects of PLF internal noise on their 
experiments. It was also necessary to determine the internal noise so the PLF 
may be improved as required. 

Due to the lack of necessary far field microphones, the acoustic power 
could not be determined. These tests were not intended to be a complete 
acoustic evaluation of the noise generated by PLF. They were conducted to 
qualitatively evaluate the rig internal noise transmitted to the far field. 
The following report is the result of these tests. 

APPARATUS 

The Powered Lift Facility (PLF) is shown pictorially in figure 1 .  An 
overview is presented in figure l(a). Figure l(b) shows the test stand with 
12 in. standard nozzle installed. The test stand has thrust measurement capa- 
bility. Figure l(c) shows pictorial details of the nozzle installation. 
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A i r  i s  p r o v i d e d  by  t h e  NASA Lewis c e n t r a l  a i r  h a n d l i n g  f a c i l i t y  t h r o u g h  
an underground p i p i n g  system t o  a p o i n t  shown a t  t h e  upper  r i g h t  c o r n e r  of t h e  
schemat ic  shown i n  f i g u r e  2 .  A p o s i t i v e  s h u t o f f  g a t e  v a l v e  i s  l o c a t e d  j u s t  
above t h e  ground and i s  used to  i s o l a t e  t h e  r i g  from t h e  c e n t r a l  s u p p l y  sys tem 
when t h e  r i g  i s  n o t  i n  o p e r a t i o n .  When PLF i s  o p e r a t i n g  t h i s  g a t e  v a l v e  i s  
c o m p l e t e l y  open and i s  n o t  expec ted  t o  g e n e r a t e  s i g n i f i c a n t  n o i s e  l e v e l s .  Fol- 
l o w i n g  t h e  g a t e  v a l v e ,  t h e  f l ow  passes t h r o u g h  two 90" e lbows and t h e n  t h r o u g h  
a v e n t u r i  used t o  measure t h e  mass f low r a t e  t h r o u g h  t h e  f a c i l i t y .  Very l i t -  
t l e  n o i s e  s h o u l d  be genera ted  b y  t h e  v e n t u r i  p r o v i d e d  f low s e p a r a t i o n  i s  n o t  
p r e s e n t .  Downstream o f  t h e  v e n t u r i ,  t h e  f low e n c o u n t e r s  t h e  f i rs t  f low c o n t r o l  
v a l v e .  T h i s  b u t t e r f l y  v a l v e  i s  p r o b a b l y  t h e  f i rst  m a j o r  source  o f  n o i s e  i n  
t h e  system. Downstream of t h i s  v a l v e ,  a t e e  a l l o w s  t h e  flow t o  be s p l i t  
between two p i p e s .  The s m a l l e r  p i p e  l e a d s  t o  an i n  l i n e  557 combustor  can,  
used t o  h e a t  t h e  a i r  s u p p l i e d  t o  t h e  t e s t  hardware .  Downstream o f  t h e  t e e ,  a 
90" e lbow i s  i n s t a l l e d  i n  t h e  s m a l l e r  p i p e  a l l o w i n g  t h e  p i p e  t o  be r u n  p a r a l l e l  
t o  t h e  l a r g e  p i p e .  B u t t e r f l y  v a l v e s  a r e  i n s t a l l e d  i n  b o t h  t h e  l a r g e  and s m a l l  
p i p e s  t o  a l l o w  t h e  f low t h r o u g h  each o f  t h e  p i p e s  t o  be i n d e p e n d e n t l y  con- 
t r o l l e d .  These b u t t e r f l y  v a l v e s  a r e  expec ted  t o  be m a j o r  n o i s e  g e n e r a t o r s .  
The b u r n e r  i s  a l s o  a ma jo r  n o i s e  g e n e r a t o r  when f low passes t h r o u g h  i t  w i t h  or 
w i t h o u t  t h e  b u r n e r  f l a m e  t u r n e d  on .  Downstream o f  t h e  b u r n e r ,  t h e  bypass f low 
passes t h r o u g h  a 90" e lbow and r e j o i n s  t h e  f low i n  t h e  l a r g e r  p i p e .  The 
merged f low passes t h r o u g h  two 90" e lbows and t h e n  t o  a t e e  l o c a t e d  a t  t h e  
t e s t  s t a n d .  A t  t h e  t e e ,  t h e  flow i s  s p l i t  as shown i n  f i g u r e  2 .  Each h a l f  
passes t h r o u g h  two 90" e lbows and t h e n  t h r o u g h  b e l l o w s  t o  a n o t h e r  t e e  where 
t h e  f l ow  e n t e r s  t h e  f l o a t i n g  p o r t i o n  o f  t h e  t e s t  s t a n d  t h r o u g h  a s i n g l e  p i p e .  
The b e l l o w s  were i n s t a l l e d  t o  i s o l a t e  t h e  t e s t  hardware  from t h e  p i p i n g  l e a d i n g  
t o  t h e  f l o a t i n g  p o r t i o n  of t h e  t e s t  r i g  t o  accommodate t h e  t h r u s t  measurement. 

and a l s o  a t  t h e  e n t r a n c e  t o  t h e  n o z z l e  s e c t i o n .  No a c o u s t i c  m u f f l e r s  or n o i s e  
s u p p r e s s i o n  d e v i c e s  were i n s t a l l e d  i n  t h e  p i p i n g  t o  suppress  t h e  i n t e r n a l l y  
g e n e r a t e d  n o i s e  d u r i n g  these  t e s t s .  

1 
A f low s t r a i g h t e n e r  i s  i n s t a l l e d  i n  t h e  s t r a i g h t  p i p e  downstream of t h e  t e e  I 

INSTRUMENTATION 

Aerodynami c 

Aerodyamic i n s t r u m e n t a t i o n  p r o v i d e d  f o r  measurement o f  t h e  a i r  mass f low 
r a t e  u s i n g  a v e n t u r i  i n s t a l l e d  i n  t h e  main  s u p p l y  p i p e  ups t ream o f  t h e  b u r n e r  
bypass p i p e  t e e .  A i r  t o t a l  t e m p e r a t u r e  and p r e s s u r e  were measured u p s t r e a m  of 
t h e  n o z z l e .  Wind d i r e c t i o n  and speed were a l s o  measured. B a r o m e t r i c  p r e s s u r e  
was r e c o r d e d .  A l l  aerodynamic measurements were r e c o r d e d  u s i n g  a c e n t r a l  d a t a  
p r o c e s s i n g  s y s t e m .  

A c o u s t i c  

The a c o u s t i c  i n s t r u m e n t a t i o n  c o n s i s t e d  of two s e p a r a t e  sys tems:  f a r  
f i e l d  a c o u s t i c  measurements u s i n g  mic rophones and i n t e r n a l  p i p e  f l u c t u a t i n g  
p r e s s u r e s  u s i n g  h i g h  s e n s i t i v i t y  p r e s s u r e  t r a n s d u c e r s .  

F a r  f i e l d .  - H a l f - i n c h  h i g h  s t a b i l i t y  p r e c i s i o n  p r e s s u r e  ( random i n c i -  
dence) response condenser  mic rophones h a v i n g  a f r e q u e n c y  response from 4 .5  Hz 
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to 20 kHz ($ -  2 dB) were used to measure far field noise. A 75-ft-radius 
microphone circle with center at a point on the ground directly under the noz- 
zle exit was used. The microphones were taped to a 2-ft-square plywood board 
laid on the ground and were pointed at the nozzle exit. 
the board centerline and at a point near the boards edge such that the largest 
distance on the board, 18 in., was between the microphone and the nozzle. The 
microphones were arranged around the microphone circle at 30" (microphone 11, 
45" (microphone Z ) ,  60" (microphone 3 ) ,  and 90" (microphone 4)  off the jet 
axis (fig. 3(a>>. The microphone output passed through amplifiers and then to 
an FM tape recorder where it was recorded for off line data analysis. The 
gains from each microphone were recorded manually for use during data reduc- 
tion. Each microphone was calibrated before and after the run u;ing a 250 Hz, 
124 dB sound pressure level Piston phone. 

They were placed on 

Internal transducers. - The pressure transducers used to measure the fluc- 
tuating wall static pressures in the pipe, were set up to read the differen- 
tial pressure between the transducer face mounted flush at the inside surface 
of the pipe and a static pressure tap placed in the pipe near the transducer 
face. A long length of tubing was connected between the transducer reference 
side and the static tap thus damping the dynamic pressure component coming 
from the tap. The transducers were installed in pairs spaced 2 in. apart 
along the pipe axial direction (fig. 3(b>>. Pairs of transducers were 
installed at three axial locations in the pipe: the first in the vertical 
pipe leading to the test rig (transducers 5 and 61,  the second just downstream 
of the flange in the straight pipe upstream of the nozzle (transducers 7 and 
8 )  and the third pair just upstream o f  the nozzle (transducers 9 and 10) 
(fig. 3(c)). The output from the pressure transducer was passed through a sig- 
nal conditioner and then to a linear amplifier. To eliminate electrical noise 
in the signal a 10 kHz low pass filter was used at the amplifier. Therefore, 
all of the transducer data is limited to frequencies at or below 10 kHz. As 
with the microphones, the output from the transducer amplifiers were recorded 
on FM tape for off line data reduction. 

DATA REDUCTION 

Aerodynamic 

The aerodynamic data was recorded using the central data processing facil- 
ity located at NASA Lewis for post run computer processing. 
located at this facility later reduced the data to engineering units and pro- 
duced the required output. Mass flow rates were calculated as was the nozzle 
pressure ratio. Table I list the reading numbers, nozzle pressure ratios, 
total temperature (TAME) and pressure ( P T S ) ,  mass flow rate ( W ) ,  ambient tem- 
perature (TAMB) and pressure (PAMB), and the wind direction and speed. 

A computer 

Acoustic 

The acoustic data was recorded on FM tape for post run analysis. 

Third octave and overall sound pressure level. - Spectral analysis was 
performed on a Rockland third octave analyzer and transmitted to the central 
data processing facility for computer processing. 
sound pressure level data were processed and tabulated using an existing 

The third octave and overall 
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a c o u s t i c  d a t a  r e d u c t i o n  program.  The o v e r a l l  sound p r e s s u r e  l e v e l  d a t a  a r e  
t a b u l a t e d  i n  t a b l e  I 1  a l o n g  w i t h  t h e  r e a d i n g  numbers and nomina l  n o z z l e  p r e s -  
su re  r a t i o s .  

Narrow-band and coherence f u n c t i o n .  - Narrow-band a n a l y s i s  were made 
u s i n g  a B r u e l  and K j a e r  dua l  channel  s i g n a l  a n a l y z e r ,  t y p e  2032. The a n a l y z e r  
p r o v i d e d  nar ro9-band ( a u t o c o r r e l a t i o n )  a n a l y s i s ,  coherence f u n c t i o n s  and phase 
i n f o r m a t i o n .  

The coherence f u n c t i o n  p r o v i d e s  a measure o f  t h e  s i m i l a r i t y  between two 
s i g n a l s .  I f  o n l y  two s i g n a l s  a r e  p r e s e n t  and t h e  coherence f u n c t i o n  e q u a l s  
u n i t y  (1 .01 ,  t h e  s i g n a l s  a r e  e x a c t l y  t h e  same. I f  t h e  coherence f u n c t i o n  i s  
z e r o ,  t h e  two s i g n a l s  do n o t  have s i m i l a r  t i m e  t r a c e s  and a r e  s a i d  t o  be unco r -  
r e l a t e d .  Fo r  coherence f u n c t i o n  va lues  between 0 and 1 ,  t h e  s i m i l a r i t y  o f  t h e  
two s i g n a l s  i s  n o t  as c l e a r l y  d e f i n e d .  T h i s  i s  e s p e c i a l l y  t r u e  when a second, 
s t r o n g ,  u n c o r r e l a t e d  n o i s e  source  i s  p r e s e n t  i n  one o f  t h e  s i g n a l s .  I n  gener -  
a l  t h e  d a t a  t a k e n  d u r i n g  these  t e s t s ,  t h a t  i s ,  coherence f u n c t i o n s  between t h e  
i n t e r n a l  p r e s s u r e  t r a n s d u c e r s  and t h e  f a r  f i e l d  mic rophones,  a r e  con tamina ted  
by  t h e  n o i s e  made by  t h e  j e t  m i x i n g  w i t h  t h e  ambien t  a i r .  T h i s  n o i s e  i s  gener -  
a t e d  o u t s i d e  o f  t h e  p i p e  and i s  n o t  p r e s e n t  i n  t h e  measurements made i n s i d e  
t h e  p i p e  b u t  i s  p i c k e d  up by  t h e  f a r  f i e l d  mic rophone.  When i n v e s t i g a t i n g  t h e  
amount o f  i n t e r n a l  n o i s e  r e a c h i n g  t h e  f a r  f i e l d  u s i n g  t h e  coherence f u n c t i o n  
between t h e  i n t e r n a l  p r e s s u r e  t r a n s d u c e r s  and t h e  f a r  f i e l d  m ic rophones ,  t h e  
j e t  n o i s e  i s  a second d e c o r r e l a t i n g  n o i s e  source  t h a t  causes t h e  coherence 
f u n c t i o n  t o  be l e s s  t h e n  u n i t y .  T h i s  w i l l  be d i s c u s s e d  f u r t h e r  i n  t h e  r e s u l t s  
and d i s c u s s i o n  s e c t i o n  o f  t h i s  r e p o r t .  

For comple teness ,  t h e  d a t a  as reduced  from t h e  t a p e  r e c o r d i n g s  a r e  shown 
i n  t h e  append ices .  Complete t h i r d  o c t a v e  s p e c t r a l  d a t a  i s  g i v e n  i n  append ix  A .  
Coherence f u n c t i o n  and phase a n g l e  p l o t s  a r e  shown i n  append ix  B .  Appendix  C 
c o n t a i n s  r e p r e s e n t a t i v e  cross c o r r e l a t i o n s  f o r  i n t e r n a l  t o  f a r  f i e l d  m i c r o -  
phones ( p a r t  I >  and i n t e r n a l  t o  i n t e r n a l  p r e s s u r e  t r a n s d u c e r s  ( p a r t  11). Sample 
Coherent  O u t p u t  Power s p e c t r a  and Coherence F u n c t i o n  a r e  shown i n  append ix  D .  
Sample narrow-band S p e c t r a  a r e  g i v e n  i n  append ix  E .  F o r  pu rposes  o f  compar i -  
son, t h e  coherence f u n c t i o n  between t r a n s d u c e r s  10 ( p a r t  I >  and 9 ( p a r t  11) t o  
t h e  f a r  f i e l d  mic rophones a r e  p r e s e n t e d  i n  append ix  F .  The d a t a  used t o  
p roduce  t h e  f i g u r e s  used i n  t h e  rema inder  o f  t h i s  r e p o r t  a r e  t a k e n  from t h e  
append ices .  

RESULTS AND DISCUSSION 

A s  d i s c u s s e d  i n  t h e  i n t r o d u c t i o n ,  t h e  PLF g e n e r a t e s  n o i s e  i n t e r n a l l y  a t  
t h e  flow c o n t r o l  v a l v e s ,  t h e  b u r n e r ,  a t  p o i n t s  of f low s e p a r a t i o n  and a l o n g  
t h e  p i p e  due t o  f low g e n e r a t e d  t u r b u l e n c e .  
n o i s e  g e t s  t o  t h e  e x p e r i m e n t a l  t e s t  hardware  downstream o f  t h e  n o z z l e s ,  i t  i s  
necessa ry  t o  d e t e r m i n e  what p a r t  passes t h r o u g h  t h e  n o z z l e  and reaches  t h e  
a c o u s t i c  f a r  f i e l d .  Through t h e  use o f  t h e  coherence f u n c t i o n ,  one can i n f e r  
t h e  s p e c t r a l  c h a r a c t e r i s t i c s  t h a t  two s i g n a l s  have i n  common, p r o v i d e d  t h e  two 
s i g n a l s  a r e  n o t  con tamina ted  by  o t h e r  u n c o r r e l a t e d  n o i s e  sou rces .  

To d e t e r m i n e  how much of  t h i s  

I n t e r n a l  t o  Fa r  F i e l d  No ise  

The coherence f u n c t i o n  between t h e  i n t e r n a l  t r a n s d u c e r  l o c a t e d  j u s t  
ups t ream of t h e  n o z z l e  ( t r a n s d u c e r  10) and t h e  f a r  f i e l d  m ic rophone  l o c a t e d  a t  
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90" off the jet axis (microphone 4) is shown in figure 4 over a range of 
nozzle pressure ratios from 1.2 to 3.5. 
the value of coherence exceeds 0.6 at a frequency of 238 Hz. 
coherence exist over the range of frequencies from 0 to 1000 Hz. 
peak coherence occurs between 400 and 600 Hz. 
based on a Strouhal number of 0.2 is 117 Hz. Since the peak coherent frequen- 
cies are well above the jet frequency, it is concluded that noise generated by 
the jet is not passing upstream through the nozzle thus causing an erroneous 
coherence between the internal and far field signals. As the nozzle pressure 
ratio is increased to 1.4 (fig. 4(b>>, the coherence decreases at the 238 Hz 
frequency to 0.5 and the secondary peak also decreases. The peak jet noise 
frequency is 139 Hz, again well below the peak coherence frequencies. As the 
pressure ratio increases to near choking (1.8) the coherence decreases 
(fig. 4(c)), and the 238 Hz peak no longer exist. The peak coherence does, 
however, exist in the 400 to 800 Hz frequency range. Peak jet noise frequency 
is approximately 225 Hz. The peak coherence occurs at 690 Hz. Again the con- 
clusion is that the jet noise is not a factor in the coherence function. 

At pressure ratio 1.2 (fig. 4(a)), 

The jet noise peak frequency 

Significant 
A secondary 

The coherence for pressure ratios above choking (figs. 4(d) to (f)), 
exhibit similar coherence functions but with lower values over the range of 
frequencies from 400 to 1000 Hz. 
0.25 is exhibited in this frequency range. At a pressure ratio of 3.5 the jet 
noise peaks at 330 Hz, again well be low the coherence peak o f  600 Hz. A s  has 
been discussed, the most probable cause of the decrease in the value of the 
coherence function is the decorrelating effect of the uncorrelated jet noise 
signal reaching the far field microphone. This is a problem that was anticip- 
ated and should not be a major concern nor detract from the results. The con- 
clusion drawn from figure 4 is that the internal noise, measured by the 
internal transducer, is reaching the far field microphone throughout the range 
of nozzle pressure ratios tested. 
quencies from 0 to 1000 Hz. 
the range of 400 to 800 Hz. 

A peak coherence value of between 0.15 and 

This conclusion applies over a range of fre- 
The frequency for peak noise transmission is in 

This conclusion explains the early prediction of aircraft core engine 
noise peak frequency of 400 Hz (ref. 2 ) .  It is reasonable to expect the noise 
generated by the compressor, combustor and turbine to be transmitted through 
the core engine nozzle and subjected to the same nozzle transfer function as 
exists in the PLF. 

Internal Noise 

It is well known, that noise is attenuated as it passes through an elbow. 
The extent of the attenuation is a function of frequency. for random input to 
hard wall ducts 1 ft high, one might expect maximum attenuations on the order 
of 8 dB at a frequency of 600 Hz. Below 200 Hz, no transmission loss is 
expected and above 2000 Hz the loss is on the order of 3 dB. 
octave spectra for transducer number 5 located in the vertical pipe and number 
10 located just upstream of the nozzle, figure 3 ( c >  is shown in figure 5(a> as 
a function of nozzle pressure ratio. Over the range of pressure ratios tested, 
the transmission loss is relatively constant and i s  on the order of 40 dB. 
Part o f  this loss may be attributed to the elbows between the transducers. 
four elbows or tees exist, plus two 45" turns, in the section just upstream of 
the nozzle. In addition, a flow straightener consisting of a honeycomb section 
is installed at the tee just upstream of the nozzle. If the equivalent of 

The one-third 
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f i v e  e lbows a r e  assumed t h e  8 dB p e r  e lbow y i e l d s  t h e  40 dB measured v a l u e .  
However t h e  l a r g e  loss be low 200 and t h a t  above 2000 Hz canno t  be accoun ted  
for  b y  e lbow t r a n s m i s s i o n  loss. I t  i s  p o s s i b l e  t h a t  a n o t h e r  p rocess  i s  o c c u r -  
r i n g .  The f l ow  a f t e r  t h e  v e r t i c a l  p i p e  s e c t i o n  l e a d i n g  to t h e  h o r i z o n t a l  
p i p i n g  i s  s p l i t  and t h e n  r e j o i n e d  a t  a t e e  j u s t  ups t ream o f  t h e  n o z z l e .  Noise 
coming from ups t ream i s  a l s o  s p l i t  and r e j o i n e d  a t  t h e  t e e .  I t  may be p o s s i -  
b l e  t h a t  t h e  a c o u s t i c  waves i n t e r f e r e  a t  t h e  t e e  and t h a t  t h e i r  a m p l i t u d e  i s  
t h e r e f o r e  reduced .  

For compar ison purposes ,  f i g u r e  5 ( b )  shows t r a n s d u c e r  numbers 9 and 5 
s p e c t r a .  Transducer  number 9 i s  2 i n .  ups t ream o f  t r a n s d u c e r  number 10. A t  
t h e  l o w e r  p r e s s u r e  r a t i o s ,  b o t h  t r a n s d u c e r s  9 and 10 have s i m i l a r  sound p r e s -  
s u r e  l e v e l  d i f f e r e n c e s  ( f i g s .  5 (a>  and ( b ) ) .  An anomaly e x i s t s  i n  t h e  d a t a  
t h a t  a t  t h i s  t i m e  has n o t  been e x p l a i n e d .  F i g u r e  5 ( c >  shows t h e  s p e c t r a  f o r  
each i n t e r n a l  t r a n s d u c e r  a t  a p r e s s u r e  r a t i o  o f  3 . 5 .  T ransducer  number 10 has 
a much l o w e r  sound p r e s s u r e  l e v e l  t h a n  t r a n s d u c e r  number 9 even though t h e y  
a r e  s e p a r a t e d  b y  o n l y  2 i n .  A n a l y s i s  o f  t h e  d u c t  a c o u s t i c s  i s  c o m p l i c a t e d  b y  
r e f l e c t i o n s  from t h e  t e e s ,  e lbows and n o z z l e  t h a t  can cause s t a n d i n g  waves i n  
t h e  p i p e .  The n o i s e  a l s o  has an unknown d i s t r i b u t i o n  as i t  e n t e r s  t h e  p i p e  
and t h a t  f u r t h e r  c o m p l i c a t e s  a n a l y s i s .  G iven  t h e  l i m i t e d  number o f  t r a n s d u c -  
e r s  i n  t h e  p i p e  f u r t h e r  a n a l y s i s  i s  n o t  l i k e l y  t o  p r o v i d e  a reason  f o r  t h i s  
anomaly . 

D i s r e g a r d i n g  t h e  above anomaly, t h e  c o n c l u s i o n  drawn from t h e  d i s c u s s i o n  
of f i g u r e  5 ( a >  and ( b ) ,  i s  t h a t  t r a n s m i s s i o n  l o s s e s  on t h e  o r d e r  o f  40 dB can 
be produced by t h e  e lbow and f low s p l i t t i n g  ar rangement  employed i n  t h e  PLF. 
I t  s h o u l d  be p o i n t e d  o u t  t h a t  any f low s e p a r a t i o n  a t  t h e  e lbow c o u l d  c r e a t e  
n o i  s e .  

F a r  F i e l d  D i r e c t i v i t y  

The coherence f u n c t i o n s  f o r  t h e  i n t e r n a l  t r a n s d u c e r  (number 10) t o  each 
o f  t h e  f a r  f i e l d  m crophones a r e  shown i n  f i g u r e  6.  For a n o z z l e  p r e s s u r e  
r a t i o  o f  1 .2  ( f i g .  6 ( a ) > ,  t h e  i n t e r n a l  n o i s e  r a d i a t e d  from t h e  n o z z l e  appears  
n o t  t o  be h i g h l y  d r e c t i o n a l .  T h i s  i s  c o n s i s t e n t  w i t h  t h e  u s u a l  assumpt ion  
that internally generated n o i s e  acts like a monopole source  and therefore i s  
r a d i a t e d  e q u a l l y  i n  a l l  d i r e c t i o n s .  However, as i s  e v i d e n t  by compar ing  t h e  
coherence f u n c t i o n  a t  t h e  90" t o  t h e  60" mic rophone l o c a t i o n ,  t h e  coherence 
b e g i n s  t o  f a l l  o f f  s l i g h t l y  a t  t h e  90" l o c a t i o n .  

Compar ison o f  f i g u r e s  6 ( a >  t o  ( b )  shows t h a t  for  a l l  m ic rophone a n g l e s ,  
t h e  coherence f u n c t i o n  decreases  w i t h  i n c r e a s i n g  j e t  v e l o c i t y  ( p r e s s u r e  r a t i o ) ,  
a r e s u l t  a l r e a d y  d i s c u s s e d  h e r e i n .  S i n c e  a decrease i n  t h e  coherence f u n c t i o n  
i s  expec ted  when j e t  n o i s e  i s  p r e s e n t ,  i t  s h o u l d  be expec ted  t h a t  t h e  i n t e r n a l  
t o  f a r  f i e l d  coherence f u n c t i o n  s h o u l d  be l e s s  a t  t h e  a n g u l a r  p o s i t i o n s  where 
t h e  j e t  n o i s e  i s  t h e  g r e a t e s t .  J e t  n o i s e  peaks a t  ang les  from 30 t o  60" off 
t h e  j e t  a x i s  and i s  a f u n c t i o n  o f  t h e  j e t  t empera tu re ,  p r o b a b l y  due t o  t h e  
i n c r e a s e d  j e t  v e l o c i t y  w i t h  t e m p e r a t u r e .  C o l d  j e t s  have peak n o i s e  c loser  t o  
t h e  j e t  a x i s  than  h o t  j e t s .  Examina t ion  of f i g u r e  6 ( b >  shows a m in ima l  coher -  
ence a t  a f r e q u e n c y  o f  690 Hz f o r  t h e  30" microphone l o c a t i o n .  The coherence 
i s  g r e a t e r  i n  f i g u r e  6 ( c )  a t  t h e  60 and 90" l o c a t i o n s .  The same t r e n d  e x i s t s  
i n  f i g u r e s  6 ( d >  and ( e ) .  F i n a l l y ,  a t  t h e  h i g h e s t  j e t  v e l o c i t y ,  f i g u r e  6 ( f ) ,  
t h e  maximum coherence e x i s t s  a t  t h e  90" l o c a t i o n  w i t h  t h e  l o w e r  a n g l e s  h a v i n g  
much l o w e r  v a l u e s  by  compar ison.  T h i s  r e s u l t  i s  expec ted  s i n c e  l o w e r  j e t  
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n o i s e  e x i s t s  a t  t h e  90" l o c a t i o n ,  t hus  m i n i m i z i n g  t h e  d e c o r r e l a t i n g  e f f e c t  of 
j e t  n o i s e  on t h e  i n t e r n a l  t o  f a r  f i e l d  c o r r e l a t i o n .  T h i s  r e s u l t  has e x t r e m e  
i m p l i c a t i o n s  when t h e  PLF or any j e t  n o i s e  t e s t  r i g  used fo r  j e t  n o i s e  suppres-  
sor t e s t i n g  has i n t e r n a l  n o i s e  p r e s e n t .  I n  f a c t ,  t h e  s i d e l i n e  j e t  n o i s e  
suppressor  r e s u l t s  would be wrong c a u s i n g  e r roneous  r e s u l t s  t o  be r e p o r t e d .  

The c o n c l u s i o n  based on t h i s  d i s c u s s i o n  i s  due t o  t h e  d i r e c t i v i t y  o f  j e t  
n o i s e ,  t h e  i n t e r n a l  n o i s e  i s  most l i k e l y  t o  appear  as a n o i s e  f l o o r  a t  t h e  
s i d e l i n e  measur ing  p o i n t ,  p r o v i d e d  t h e  j e t  n o i s e  has been suppressed.  I t  i s  
i m p e r a t i v e  t h a t  t h e  i n t e r n a l  n o i s e  be reduced be low t h e  a c c e p t a b l e  s i d e l i n e  
l e v e l  f o r  j e t  n o i s e  suppressor  t e s t i n g  t o  a v o i d  e r roneous  t e s t  r e s u l t s .  

I n t e r n a l  Coherence 

The i n t e r n a l  f l u c t u a t i n g  p r e s s u r e  measured by t h e  t r a n s d u c e r ,  i s  t h e  
r e s u l t a n t  sum o f  t h e  a c o u s t i c  and t u r b u l e n t  p r e s s u r e s .  Tu rbu lence  decays w i t h  
d i s t a n c e  and changes i t s  c h a r a c t e r  so t h a t  i t  d e c o r r e l a t e s  w i t h  r e l a t i v e  sma l l  
downstream d i s t a n c e s .  The coherence f u n c t i o n  between t h e  ups t ream t r a n s d u c e r ,  
number 5 (ups t ream v e r t i c a l  p i p e  s e c t i o n )  and t h e  n o z z l e  t r a n s d u c e r ,  number 10 
i s  p r e s e n t e d  i n  f i g u r e  7 ( a ) .  The t r a n s d u c e r s  a r e  separa ted  by l a r g e  d i s t a n c e s .  
T h e r e f o r e  t h e  t u r b u l e n c e  i s  n o t  c o r r e l a t e d  a t  e i t h e r  o f  t h e  t r a n s d u c e r s  though 
i t  does e x i s t  i n  each of t h e  p r e s s u r e  measurements. The coherence f u n c t i o n  
t h e r e f o r e  i s  a measure o f  t h e  a c o u s t i c  p r e s s u r e  t h a t  i s  t r a n s m i t t e d  a l o n g  t h e  
p i p e .  The coherence a t  a p r e s s u r e  r a t i o  o f  1 .2  and 3 . 5  i s  h i g h  a t  f r e q u e n c i e s  
l ower  t h a n  440 Hz. T h i s  i s  c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  low f r e q u e n c i e s  t e n d  
t o  be t r a n s m i t t e d ,  w h i l e  h i g h e r  f r e q u e n c i e s  t e n d  t o  be a t t e n u a t e d  by  t h e  
e lbows.  The coherence has l o w e r  v a l u e s  above 440 Hz b u t  e x i s t  up t o  f r e q u e n -  
c i e s  on t h e  o r d e r  o f  1200 Hz. The l o w e r  magn i tude i s  p r o b a b l y  due t o  e lbow 
and geomet ry  t r a n s m i s s i o n  l oss .  

The coherence f u n c t i o n  between t h e  n o z z l e  ( t r a n s d u c e r  number 10) and a 
p o i n t  28 i n .  ups t ream o f  t h e  n o z z l e  ( t r a n s d u c e r  number 7 > ,  f i g u r e  7 ( b ) ,  i s  a 
measure o f  t h e  a c o u s t i c  s i g n a l  a t  t h e  n o z z l e .  The magn i tude i s  l a r g e r  t h a n  
t h e  p r e v i o u s  compar ison,  f i g u r e  7 ( a ) ,  because l i t t l e ,  if any,  a c o u s t i c  t r a n s -  
m i s s i o n  loss e x i s t s  i n  t h e  p i p e  s e c t i o n  between t h e  t r a n s d u c e r s .  The f a c t  
t h a t  t h e  coherence f u n c t i o n  has s i g n i f i c a n t  magn i tude o v e r  t h e  f r e q u e n c y  range 
0 t o  1600 Hz i n d i c a t e s  t h a t  t h e  a c o u s t i c  s i g n a l  i s  p r e s e n t  i n  t h e  p i p e  j u s t  
ups t ream o f  t h e  n o z z l e .  The d i f f e r e n c e  between t h e  shape o f  t h e  coherence 
f u n c t i o n  a t  t h e  n o z z l e  f i g u r e  7 ( b >  and t h e  shape o f  t h e  coherence f u n c t i o n  
between t h e  n o z z l e  and t h e  f a r  f i e l d  mic rophones a t  low p r e s s u r e  r a t i o s  
f i g u r e  4 ( a ) ,  i s  an i n d i c a t i o n  o f  t h e  n o z z l e  t r a n s m i s s i o n  loss.  

The c o n c l u s i o n ,  drawn from a compar ison o f  f i g u r e s  4 ( a >  and 7 ( b > ,  i s  t h a t  
t h e  n o z z l e  t r a n s m i t s  a c o u s t i c  waves o v e r  t h e  range o f  f r e q u e n c i e s  from 0 and 
1000 Hz w i t h  a maximum between 40 and 300 Hz and secondary  maximums between 
400 and 800 Hz. 

PLF OASPL D i r e c t i v i t y  

The d i r e c t i v i t y  o f  t h e  n o i s e  g e n e r a t e d  by t h e  PLF i s  shown i n  f i g u r e  8 .  
The o v e r a l l  sound p r e s s u r e  l e v e l  (OASPL) i n  t h e  a c o u s t i c  f a r  f i e l d  i s  p l o t t e d  
as a f u n c t i o n  o f  mic rophone a n g u l a r  l o c a t i o n  from the  ups t ream i n l e t  a x i s  
( t h a t  i s  180" minus t h e  mic rophone a n g u l a r  l o c a t i o n  measured from t h e  j e t  
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a x i s ) .  A t  subson ic  ( f i g .  8 ( a ) > ,  and t r a n s o n i c  n o z z l e  p r e s s u r e  r a t i o s ,  t h e  
d i r e c t i v i t y  i s  g e n e r a l l y  u n i f o r m .  J e t  n o i s e  d i r e c t i v i t y  i s  n o t  t y p i c a l l y  u n i -  
f o rm.  T h i s  i n d i c a t e s  t h a t  i n t e r n a l  n o i s e  i s  d o m i n a t i n g  t h e  d i r e c t i v i t y .  Fo r  
n o z z l e  p r e s s u r e  r a t i o s  a t  and above 2 .5  ( f i g .  8 ( b ) > ,  Mach numbers g r e a t e r  t h a n  
1 . 2 2 ,  t h e  OASPL peaks a t  between 120" and 1 3 5 " .  T h i s  i s  t h e  d i r e c t i v i t y  ex- 
p e c t e d  f o r  j e t  n o i s e  and i n d i c a t e s  t h e  j e t  n o i s e  i s  d o m i n a t i n g  t h e  f a r  f i e l d  
measurements above p r e s s u r e  r a t i o s  o f  2 . 5 .  T h i s  appears  c o n s i s t e n t  w i t h  t h e  
coherence f u n c t i o n  r e s u l t s  d i s c u s s i o n  of f i g u r e s  4 and 6 .  The c o n c l u s i o n  
drawn from t h i s  d i s c u s s i o n ,  i s  t h a t  i n t e r n a l  n o i s e  p r o b a b l y  dominates  t h e  f a r  
f i e l d  OASPL up t o  a n o z z l e  p r e s s u r e  r a t i o  o f  2 . 5 .  

Narrow-band S p e c t r a  

R e p r e s e n t a t i v e  narrow-band s p e c t r a l  d a t a  a r e  shown i n  f i g u r e  9. Compari- 
son o f  t h e  coherence f u n c t i o n  a t  a p r e s s u r e  r a t i o  o f  1 .2  ( f i g .  6 ( a > > ,  t o  t h e  
narrow-band s p e c t r a  ( f i g .  9 ( a ) > ,  shows t h e  narrow-band s p e c t r a  maximums i n  t h e  
same f r e q u e n c y  range as t h e  coherence f u n c t i o n  maximums, t h a t  i s  a round f r e -  
quenc ies  of 240 and 640 Hi!. The c o n c l u s i o n  i s  t h a t  narrow-band s p e c t r a  o f  t h e  
i n t e r n a l l y  genera ted  n o i s e  t r a n s m i t t e d  t o  t h e  a c o u s t i c  f a r  f i e l d  i s  shown i n  
f i g u r e  9 ( a > .  

S m a l l ,  s u p e r s o n i c  j e t s  o f t e n  g e n e r a t e  tones  as a r e s u l t  o f  an a c o u s t i c  
f eedback  from t h e  j e t  m i x i n g  l a y e r  t o  t h e  shear  l a y e r  a t  t h e  n o z z l e  e x i t .  
These tones  t e n d  t o  dominate  t h e  OASPL. Large n o z z l e s  such as t h e  one used on  
t h e  PLF g e n e r a l l y  do n o t  e x h i b i t  such t o n e s .  The PLF n o z z l e  t e s t e d ,  however, 
d i d  genera te  a s t r o n g  tone  a t  362 Hz and i t s  harmon ics  as shown i n  f i g u r e  9 ( b ) .  

The c o n c l u s i o n  drawn from t h i s  d i s c u s s i o n  i s  t h a t  t h e  i n t e r n a l  n o i s e  
t r a n s m i t t e d  t o  t h e  a c o u s t i c  f a r  f i e l d  i s  broad-banded a round  a f requency  of 
640 Hi!. A s  t h e  n o z z l e  p r e s s u r e  r a t i o  i s  i n c r e a s e d ,  t h e  j e t  e x p e r i e n c e s  t h e  
a c o u s t i c  f e e d  back t h a t  causes a l a r g e  a m p l i t u d e  t o n e  to  be g e n e r a t e d  a t  
362 Hz and m u l t i p l e s  t h e r e o f .  

O v e r a l l  Sound P r e s s u r e  L e v e l  

Due t o  t h e  l i m i t e d  number o f  mic rophones used for  t h e s e  t e s t s  i t  was n o t  
p o s s i b l e  t o  d e t e r m i n e  t h e  t o t a l  a c o u s t i c  power g e n e r a t e d  b y  t h e  f a c i l i t y .  A 
compar ison  o f  t h e  PLF n o i s e  t o  p r e d i c t i o n  was n o t  a t t e m p t e d .  However, f o r  
i n f o r m a t i o n a l  purposes ,  a p l o t  o f  t h e  OASPL as a f u n c t i o n  o f  n o z z l e  p r e s s u r e  
r a t i o  i s  shown i n  f i g u r e  10. F i g u r e  1 0 ( a >  shows t h e  f a r  f i e l d  m ic rophone  
d a t a .  Above a p r e s s u r e  r a t i o  o f  2 .5  t h e  OASPL i n c r e a s e s  a p p r o x i m a t e l y  40 dB 
f o r  a l l  m ic rophone l o c a t i o n s .  The tones  a c c o u n t  for a s i g n i f i c a n t  p o r t i o n  of 
t h e  40 dB i n c r e a s e .  

F i g u r e  10 (b>  shows t h e  OASPL r e s u l t s  from t h e  i n t e r n a l  t r a n s d u c e r  measure- 
ments.  The ups t ream t r a n s d u c e r s  (numbers 5 and 6) a r e  not h i g h l y  dependent  on 
p r e s s u r e  r a t i o .  The t r a n s d u c e r s ,  l o c a t e d  i n  t h e  p i p e  i m m e d i a t e l y  ups t ream of 
t h e  n o z z l e ,  show an i n c r e a s e  i n  l e v e l  a round a p r e s s u r e  r a t i o  of 2 . 5  w i t h  t h e  
e x c e p t i o n  o f  t r a n s d u c e r  number 10. Transducer  number 10 OASPL decreases  a t  a 
p r e s s u r e  r a t i o  o f  2 .3 .  No e x p l a n a t i o n  for t r a n s d u c e r  number t e n ' s  b e h a v i o r  i s  
p r e s e n t l y  a v a i l a b l e .  Compar ison o f  t h e  coherence f u n c t i o n  between t r a n s d u c e r  
number 9 and t h e  f a r  f i e l d  mic rophones and t r a n s d u c e r  number 10 t o  t h e  f a r  
f i e l d  mic rophones were made i n  append ix  F t o  v a l i d a t e  t h e  use o f  t r a n s d u c e r  10 
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i n  t h i s  r e p o r t .  The coherence f u n c t i o n s  were t h e  same for b o t h  t r a n s d u c e r  9 
and 10. The c o n c l u s i o n  t h e n  was t h a t  t h e  use o f  t r a n s d u c e r  number 10 d a t a  was 
j u s t i f i e d .  

I n t e r n a l  No ise  S p e c t r a  I n  The Far  F i e l d  

The coherence f u n c t i o n  between t h e  i n t e r n a l  p r e s s u r e  t r a n s d u c e r  a t  t h e  
n o z z l e  and t h e  f a r  f i e l d  mic rophones i n d i c a t e s  a range  o f  f r e q u e n c i e s  where 
t h e  i n t e r n a l  n o i s e  reaches  t h e  f a r  f i e l d .  The d e c o r r e l a t i n g  e f f e c t  of t h e  j e t  
n o i s e  tends  t o  mask some o f  t h e  i n t e r n a l  n o i s e  i n  t h e  f a r  f i e l d  so t h a t  t h e  
v a l u e  o f  t h e  coherence f u n c t i o n  canno t  be c o n s i d e r e d  c o m p l e t e l y  d e f i n i t i v e .  
A s  shown i n  f i g u r e  4 broad-banded coherence e x i s t s  a t  240 and 700 Hz. The f a r  
f i e l d  o n e - t h i r d  o c t a v e  s p e c t r a  shown i n  f i g u r e  l l ( a >  ( square  symbols )  have 
peaks a t  250 and between 630 and 4000 Hz, c o r r e s p o n d i n g  t o  band numbers 24 and 
28-36. The peak a t  125 Hz (band number 21) co r responds  t o  t h e  j e t  n o i s e  peak 
f o r  a S t r o u h a l  number o f  0 . 2  and n o z z l e  d i a m e t e r  o f  1 f t .  The c o n c l u s i o n  i s  
t h a t  t h e  t h i r d  o c t a v e  f a r  f i e l d  s p e c t r a  i s  dominated  by  t h e  i n t e r n a l  n o i s e  a t  
a p r e s s u r e  r a t i o  o f  1 .2  a t  t h e  90" s i d e l i n e  l o c a t i o n .  As t h e  p r e s s u r e  r a t i o  
i s  i n c r e a s e d  t h r o u g h  1 . 8 ,  t h e  coherence o c c u r r i n g  i n  t h e  630 t o  1000 range  
remains  ( f i g .  4 ) .  The peak t h i r d  o c t a v e  s p e c t r a  b e g i n s  i n  t h i s  range  and 
ex tends  t o  4000 Hz ( f i g .  l l ( a ) > .  

Between a p r e s s u r e  r a t i o  o f  1 . 8  and 2.0,  ( a t  c h o k i n g )  t h e  magn i tude of 
t h e  s p e c t r a  d rops  20 dB b u t  i t s  peak remains  i n  t h e  i n t e r n a l  n o i s e  f r e q u e n c y  
range ( 6 3 0  t o  4000 Hz) .  T h i s  d r o p  c o u l d  be t h e  r e s u l t  o f  c h o k i n g  on  t h e  n o z z l e  
a c o u s t i c  t r a n s f e r  f u n c t i o n .  A s  t h e  p r e s s u r e  r a t i o  i s  i n c r e a s e d  above 2 
( f i g .  l l ( b > > ,  t h e  broad-banded peak s t a y s  i n  t h e  i n t e r n a l  n o i s e  f requency  
range (1600 Hz) e x c e p t  where a e r o a c o u s t i c  f eedback  c r e a t e s  tones  (bands num- 
b e r s  26 and 29, 400 and 800 Hz f i l t e r  bands r e s p e c t i v e l y ,  see f i g .  9 ( b )  
f o r  na r row band d a t a ) .  

A t  60" ( f i g s .  l l ( c >  and ( d ) ) ,  s i m i l a r  r e s u l t s  a r e  f o u n d .  However, a t  45 "  
( f i g .  l l ( e > > ,  and a t  p r e s s u r e  r a t i o s  above 1 . 8  ( f i g .  l l ( f ) > ,  t h e  peak sound 
p r e s s u r e  l e v e l  (SPL) o c c u r s  a t  315 Hz. Based o n  a S t r o u h a l  number of 0 . 2  t h e  
j e t  n o i s e  peaks a t  330 Hz. The c o n c l u s i o n  i s  t h a t  a t  a p r e s s u r e  r a t i o  above 
1 . 8  and mic rophone ang les  o f  45" t h e  j e t  n o i s e  b e g i n s  t o  dominate .  A t  30" 
( f i g .  l l ( g > > ,  and p r e s s u r e  r a t i o s  o f  1 .2  and 1 . 4  t h e  i n t e r n a l  n o i s e  dominates  
b u t  above 1 . 4  f i g .  l l ( h > ) ,  t h e  j e t  n o i s e  dominates  a t  t h e  315 Hz f r e q u e n c y .  
The c o n c l u s i o n  i s  t h a t  up t o  a n o z z l e  p r e s s u r e  r a t i o  o f  1 . 4  t h e  i n t e r n a l  n o i s e  
dominates  t h e  f a r  f i e l d  SPL a t  mic rophone a n g l e s  from 30" t h r o u g h  9 0 " .  A t  t h e  
60" and 90" mic rophone l o c a t i o n s ,  t h e  SPL a r e  c o m p l e t e l y  dominated  b y  i n t e r n a l  
n o i s e .  A t  t h e  30" and 45" mic rophone l o c a t i o n s  and above n o z z l e  p r e s s u r e  r a -  
t i o s  o f  1 . 4  t h e  SPL a r e  dominated  by  j e t  n o i s e .  These c o n c l u s i o n s  a r e  c o n s i s t -  
e n t  w i t h  t h e  coherence a n a l y s i s  o f  f i g u r e  6 .  

CONCLUDING REMARKS 

I t  has been shown, t h r o u g h  t h e  use o f  coherence f u n c t i o n s ,  t h a t  t h e  i n t e r -  
n a l  n o i s e  genera ted  i n  t h e  PLF t h a t  reaches  t h e  a c o u s t i c  f a r  f i e l d  has a f r e -  
quency l e s s  t h a n  1200 Hz and e x h i b i t s  b road  banded peaks a t  240 and 600 Hz. 
S p e c t r a l  a n a l y s i s  has shown t h a t  i n t e r n a l  n o i s e  t h a t  reaches  t h e  f a r  f i e l d  
exceeds t h e  1200 Hz and may be t r a n s m i t t e d  up t o  and p o s s i b l y  exceed ing  
5000 Hz. Reference 1 s t a t e s  t h a t  j e t  shear  l a y e r s  can be e x c i t e d  a t  S t r o u h a l  
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number o f  0.5 and shows g r a p h i c  ev idence  of t h e  r e s u l t  o f  such e x c i t a t i o n .  
For t h e  PLF t h e  e x c i t a t i o n  f r e q u e n c y  based on  t h e  S t r o u h a l  number o f  0.5 wou ld  
be on  t h e  o r d e r  o f  500 Hz. T h i s  f r e q u e n c y  i s  c l o s e  t o  t h e  measured i n t e r n a l  
n o i s e  f r e q u e n c y  and s h o u l d  cause a l a r m  when p l a n n i n g  j e t  t y p e  e x p e r i m e n t s  f o r  
t h e  PLF. 

For exper imen ts  e v o l v i n g  wings o p e r a t i n g  a t  h i g h  a n g l e s  o f  a t t a c k ,  
r e f e r e n c e  1 shows t h a t  t h e  flow a t tachmen t  can be m o d i f i e d  when t h e  f low i s  
e x c i t e d  a t  S t r o u h a l  number of 4 .  
quency would be a p p r o x i m a t e l y  800 Hz or l e s s .  Aga in  t h i s  f r e q u e n c y  f a l l s  
w i t h i n  t h e  measured f r e q u e n c y  range for t h e  PLF. Thus, i t  appears  t h a t  a r e a l  
need e x i s t s  t o  e v a l u a t e  t h e  e f f e c t  of PLF i n t e r n a l l y  g e n e r a t e d  n o i s e  on  any 
p r o s p e c t i v e  t e s t  hardware ,  and t h a t  s t e p s  be t a k e n  t o  decrease t h e  i n t e r n a l  
n o i s e  t o  an a c c e p t a b l e  l e v e l .  

For a w ing  c h o r d  o f  5 ft, t h e  e x c i t a t i o n  f r e -  

Another  a e r o a c o u s t i c  e f f e c t  i n  r e f e r e n c e  6 ,  i s  t h e  i n c r e a s e s  o f  t h r u s t  
due t o  t h e  screech tones  genera ted  by  p r i m a r y  n o z z l e s  i n  e j e c t o r s .  These 
tones  can e x c i t e  t h e  j e t  m i x i n g  t h u s  i n c r e a s i n g  t h e  e j e c t o r  t h r u s t .  S i n c e  
tones  e x i s t  i n  t h e  PLF n o z z l e ,  t h r u s t  m o d i f i c a t i o n  c o u l d  r e s u l t .  

F i n a l l y ,  as has been p o i n t e d  o u t  i n  t h i s  r e p o r t ,  i n t e r n a l  n o i s e  gen- 
e r a t e d  i n  t h e  PLF c r e a t e s  a n o i s e  f loor  for t h e  f a c i l i t y .  T h i s  n o i s e  f l o o r  
w i l l  p r e v e n t  t h e  t e s t i n g  o f  j e t  n o i s e  suppresso rs  s i n c e  when t h e  j e t  n o i s e  i s  
suppressed t h e  i n t e r n a l  n o i s e  f l oo r  i s  measured i n s t e a d  o f  t h e  t r u e  j e t  n o i s e  
suppress ion .  I n  f a c t  t h i s  was t h e  case i n  a p r e v i o u s  j e t  n o i s e  f a c i l i t y  

measured a t  t h e  PLF, t h e  i n t e r n a l  n o i s e  must  be reduced t o  an a c c e p t a b l e  l e v e l .  I 

I l o c a t e d  i n  t h e  same a r e a  as PLF some y e a r s  ago. I f  n o i s e  of any k i n d  i s  t o  be I 

CONCLUSIONS I 

1 .  Broad banded n o i s e  i s  genera ted  i n  t h e  system by  a i r  f l o w i n g  t h r o u g h  
t h e  v a l v e s ,  b u r n e r  and a s s o c i a t e d  p i p i n g .  

2 .  B e l o w  a f r e q u e n c y  o f  5000 Hz n o i s e  i s  t r a n s m i t t e d  v i a  t h e  p i p i n g  and 
t h r o u g h  t h e  n o z z l e  t o  t h e  a c o u s t i c  f a r  f i e l d  o v e r  t h e  range  n o z z l e  p r e s s u r e s  
( 1 . 2  t o  3 . 5 )  t e s t e d .  

3 .  Coherence from t h e  i n t e r n a l  t o  f a r  f i e l d  mic rophones was g r e a t e s t  a t  I 
low n o z z l e  p r e s s u r e  r a t i o s .  T h i s  i n d i c a t e s  t h a t  t h e  coherence measurements 
were a f f e c t e d  by  t h e  j e t  n o i s e  sou rce  a c t i n g  as a second n o i s e  sou rce  o b s e r v e d  
by  t h e  f a r  f i e l d  mic rophones,  t h u s  c a u s i n g  a decreased coherence as t h e  j e t  
n o i s e  i n c r e a s e d .  

4 .  P ipe  e lbows and f a c i l i t y  geomet ry  reduce  t h e  f l u c t u a t i n g  p r e s s u r e  l e v -  
e l s  by as much as 40 dB o v e r  f requency  range  from 50 t o  10 kHz. 

5 .  The v a l u e  o f  t h e  coherence f u n c t i o n  from i n t e r n a l  t o  f a r  f i e l d  m i c r o -  
phones i n c r e a s e d  w i t h  a n g l e  from t h e  j e t  a x i s ;  a r e s u l t  t h a t  i s  c o n s i s t e n t  
w i t h  a decrease o f  j e t  n o i s e  w i t h  a n g u l a r  d i s p l a c e m e n t .  

6 .  The i n t e r n a l l y  genera ted  n o i s e  be low a f r e q u e n c y  of 1600 Hz may a f f e c t  
t h e  t e s t  r e s u l t s  o f  any shear  l a y e r  such as j e t s ,  boundary  l a y e r s ,  f low o v e r  
a i r f o i l s ,  and e j e c t o r  m i x i n g  r e g i o n s .  
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7.  The i n t e r n a l l y  genera ted  n o i s e  c r e a t e s  a system n o i s e  f loor  t h a t  w i l l  
p r e v e n t  p r o p e r  j e t  n o i s e  suppresso r  e v a l u a t i o n  t e s t s  from b e i n g  pe r fo rmed  i n  

I t h i s  f a c i  1 i t y .  

PLF RECOMMENDATIONS 

1 .  Low and medium (100 t h r o u g h  10 000 Hz) f r e q u e n c y  m u f f l e r s  s h o u l d  be 
i n s t a l l e d  i n  t h e  s t r a i g h t  p i p e  s e c t i o n  as c l o s e  as p o s s i b l e  t o  t h e  n o z z l e .  

2 .  The m u f f l e r  must be b road  banded and reduce  n o i s e  i n  t h e  50 t o  1600 Hz 
, band w i d t h .  M u l t i p l e  m u f f l e r s  i n  s e r i e s  may be r e q u i r e d  t o  o b t a i n  t h e  
I r e q u i r e d  i n s e r t i o n  loss. 

3.  The e x i s t i n g  v a l v e s  s h o u l d  be r e p l a c e d  w i t h  q u i e t  v a l v e s  t h a t  produce 
h i g h  f requency  n o i s e  t h a t  i s  more e a s i l y  absorbed b y  m u f f l e r s  and l i n e d  e lbows .  

4.  To absorb  t h e  v a l v e  g e n e r a t e d  n o i s e ,  m u f f l e r s  s h o u l d  be p l a c e d  i n  t h e  
l i n e  j u s t  down s t ream o f  t h e  low n o i s e  v a l v e s .  T h i s  w i l l  m i n i m i z e  t h e  a m p l i f i -  
c a t i o n  of t h e  v a l v e  n o i s e  by t h e  combustor .  

5 .  One must be aware t h a t  low f r e q u e n c y  n o i s e  i s  g e n e r a t e d  b y  combustors .  
T h e r e f o r e  when h e a t e d  a i r  i s  r e q u i r e d ,  t h e  low f r e q u e n c y  m u f f l e r s  w i l l  be a 
necessa ry  p a r t  o f  t h e  p i p i n g  downstream o f  t h e  combustor .  

, 1 .  
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TABLE I. - AERODYNAMIC DATA FOR ACOUSTIC TESTS 

Tota l  
,oressure, 

P t S ’  
p s i  

Mass Ambient Ambient Wind Wind 
f l o w  pressure,  pressure,  d i r e c t i o n ,  v e l o c i t y ,  
r a t e ,  Tamb* panb 1 de9 mPh 
u. “R ps i  

1 b/s 

35.12 
41.85 
43.11 
49.43 

91.13 526 14.35 179 6 
109.8 526 14.34 171 5 
111.5 525.8 14.34 177 7 
128.5 526.4 14.34 180 9 

176 
’ 184 

177 
178 
179 

’ 188 , 181 
182 
183 

~ 185 
186 , 187 

1 2 3 4 5 6 7 8 9 10 

Microphone angle, 
deg 

150 135 120 90 
r 

92 
94.3 
95.6 
99.3 
83.2 
85.3 
88.1 
87.7 

133.5 
137.7 
138.3 
139.6 

91.8 
94.8 
95.8 
99.3 
82.4 
83.8 
85.9 
85.4 

131.3 
135.4 
136.5 
138.4 

~- 

Read i ng 

176 
184 
177 
178 
179 
188 
181 
182 
183 
185 
186 
187 

tu re ,  

1.36 521.8 
1.57 524.2 
1.76 526.4 

535.9 

16.8 
18.29 
19.52 
22.5 
25.25 
27.61 
31.56 
31.7 

~~ 

32.77 
43.55 
46.74 
57.79 
66.15 
72.03 
82.53 
82.15 

14.35 
14.34 
14.35 

I 
178 
161 
153 
180 
181 
174 
170 
163 

8 
2 
4 
9 
7 

10 
8 
5 

527.7 
525.9 
527.3 
527 
526.8 
526.3 
526.4 
526.1 

2.2 
2.1 
2.45 
2.92 
3.01 
3.45 

532.6 
533.7 
537.2 
537.6 
537.3 
536.5 

TABLE 11. - OVERALL SOUND PRESSURE LEVEL 

CdB reference, 20 mPa.1 

Read i ng 
number 

Pressure I Hi  crophone I Transducer 
r a t i o  

Tape channel numbers I 
1.2 
1.3 
1.4 
1.6 

91 - 2  
94 
95.6 
81.4 
84.1 
87.7 
90.1 
90.7 

135.3 
121.3 

92 
94.3 
94.9 
97.4 
98.6 
99.7 
83.8 
82.5 
88.6 

135.5 
121.3 
123 

107.5 
109.6 
110.2 
111.5 
111.8 
111 
113.7 
155 
155.8 
157.3 
157 
151 - 9  

118.7 
100.4 
100.2 
100.8 
100.6 
100.5 
101.4 
101.6 
102 
142.8 
143 
141.7 

107.2 
108.6 
109 
110 
111 
110.1 
112.5 
112.1 
112.8 
155.7 
155.5 
150.9 

118.7 
121 
122.1 
123.1 
124 
122.6 
106.9 
106.9 
107.9 
108.7 
109.1 
104.2 

1.8 
2 
2.3 

3.1 
3.5 

121.4 
122.7 
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(A) OIlERALL NRlM VIEW. 

FIGURE 1. - WYERED L I F T  F A C I L I T Y .  

FIGURE 1 .  - CONTINUED. 
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ORJGINAL PAW IS 
OF POOR QUALITY 

(C) STMDAUD NOZZLE AS I I (STKLED 111 THE TEST R16. 

FIGURE 1. - CONCLUDED. 

TEST S T A N D 7  
BUTTERFLY VALVE / 4\ 

'>/ 
FIGURE 2 .  - SCHEMATIC OF POWERED L I F T  F A C I L I T Y .  
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R I C R O P W S  LOCATED AT 
IWERSECTIOII OF R I C R O P M  
CIRCLE AND RADIAL L I E S - .  --. 

I 

JET AXIS 
I 

(A )  FAR F IELD RICROPHOIE LOCATIOIIS. 

FIGURE 3. - POYERED LIFT FACIL ITY IWSTRUCEWTATIOII. 

FIGURE 311. - INTERNAL KULITE PRESSURE TRANSDUCERS INSTALLED AT 
STATION 5 AND 6 IN ME VERTICAL PIPE SECTION. 
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